INTRODUCTION
The transmembrane glycoprotein epidermal growth factor receptors (EGFR) are specific tyrosine kinase receptors involved in the regulation of cellular differentiation and proliferation with high expression in a lot of cancers (1) . Several studies demonstrated the correlation of EGFR overexpression to increased malignancy and poor prognosis in many types of human cancer (2) . In human solid tumors, over activation and/or dysregulation of EGFR promote tumor progression including invasion, angiogenesis, metastasis, drug resistance with blocking of apoptosis (3, 4) . The EGFR expression is increased in several solid tumors such as lung, colorectal and brain tumor types (2, 5) . Due to the EGFR's complex role in tumor cell proliferation, invasion, angiogenesis and metastasis, EGFR inhibitors may become as promising anticancer drugs (6) . Gefitinib (Gef), a low-molecular-weight EGFR inhibitor was found to be effective in many tumor types (7) . Diverse studies have reported significant inhibition of tumor cell proliferation and angiogenesis as well as the induction of apoptosis by small molecule inhibitors (Gef, erlotinib) by virtue of their ability to inhibit EGFR (5) . Gef was developed as an orally active EGFR inhibitor intended to use in patients with locally advanced non-metastasized or metastatic non-small cell lung cancer (5) . Gef when combined with chemotherapeutic drugs and radiation therapy resulted in potentiation of anticancer effects. Since EGFRs are frequently overexpressed in several tumors types cells, the use of EGFR receptor inhibitors (Gef) in different tumor types may be a novel treatment strategy (8) .
Gef is a water insoluble dibasic compound with pKa values of 5.28 and 7.17, which shows a pH-dependent solubility in gastrointestinal fluids. Gef has an extremely low aqueous solubility and its oral absorption is limited by its dissolution. The bioavailability could be greatly increased by improving the solubility and dissolution of the drug (9) (10) (11) (12) (13) (14) (15) (16) . This would help reduce the dose administered as well as the dose-related adverse effects including vomiting and diarrhea (17) . The solubility and dissolution of Gef can be improved by complexation with cyclodextrins (CDs) (18) . There are several approaches to improve the solubility and oral bioavailability of poorly water soluble drugs among which the spray drying (SD) solid dispersions posses several advantages (19) (20) (21) (22) (23) . SD has gained lot of importance owing to its relative simplicity, low cost and large scalability. The drug of interest is dispersed in solution using various polymers, solvents and co-solvents. The liquid composition is then atomized and sprayed into a drying chamber where droplets are dried by heated air. This process can be optimized and used in the production of numerous stable formulations (24) . In the past, SD was not preferred for drugs which are thermo labile, since elevated temperatures may potentially damage the active substance. However, several recent studies have demonstrated that SD can also be used to prepare microparticle formulations with labile therapeutics (25, 26) . Because of ease of administration, which increases the patience and physician compliance, the SD formulations have been used by pulmonary, oral, nasal mucosal routes. Further, SD technology is comprehensively used to prepare control release polymeric microparticles for systemic drug delivery to increase the pharmacokinetic properties and reduce toxicity (27) .
Our laboratory has developed various nanoparticle approaches (28) (29) (30) (31) (32) and dual channel SD technology to prepare solid dispersions for lipophilic drugs to increase oral bioavailability of various drugs. The dual channel SD system termed as dual channel single spray gun is modified from conventional single channel, where only one liquid may be spray dried. This modification allows us to spray two separate liquid systems containing one or more active pharmaceutical agent(s). The unique nature of our dual channel spray drying technology enables the spray drying of two different liquid compositions simultaneously as a single formulation.
Due to limited oral bioavailability of Gef because of its poor aqueous solubility, the SD solid dispersion formulations were prepared. In the current study, we used hydroxy propyl methyl cellulose (HPMC), chitosan, hydroxypropyl β-cyclodextrin (HPβ-CD), succinic acid and vitamin E TPGS as formulation ingredients to prepare molecularly dispersed Gef-SD formulations. Inclusion of different polymers in SD formulations exhibit several benefits such as sustained control release and mucoadhesive properties etc.
The anticancer effects of these SD formulations were studied in A431 (human epithelial carcinoma cells, overexpressing the EGFR) induced skin cancer xenograft models. Further, the mechanisms of anticancer effects of Gef-SD formulations were studied by western blotting, immunohistochemical (IHC) and proteomic analysis. The objectives of the present work was to improve the oral bioavailability of Gef through spray dried control release microparticles drug delivery system and evaluate its therapeutic potential in A431 induced skin carcinoma model. We hypothesize that Gef-SD formulations containing HPMC, chitosan and HPβ-CD solid dispersions may improve the oral bioavailability, which may lead to enhanced anticancer activity in A431 xenograft models.
Materials
Gefitinib was purchased from AK Scientific, Inc. USA. Hydroxy Propyl Methylcellulose (HPMC, E3 grade) was procured from Dow Chemicals, USA. Chitosan was purchased from Sigma-Aldrich, Inc, USA. Hydroxypropyl β-cyclodextrin (HPβ-CD) was procured from Cargill Inc, USA. Vitamin E-TPGS was a kind gift from Antares health products, Inc, USA. The antibodies Ki67, Cyclin D1, p53, survivin, cleaved caspase-3, (vascular endothelial growth factor) VEGF and vimentin were purchased from Santa Cruz Biotechnology Inc, USA. VEGF ELISA kit was procured from Thermo Fisher scientific Inc, USA. Caco-2 cells and human epidermoid A431 cells were purchased from ATCC, USA. Fetal bovine serum (FBS), Trypsin-EDTA, antibioticantimycotic solutions, HBSS and HEPES buffer were purchased from Invitrogen, USA.
Gef In-Vitro Activity on A431 Cells
To demonstrate the anticancer activity of Gef on A431 cells, in vitro cytotoxicity and clonogenic studies were performed. A431 cells were grown in DMEM media containing 10% fetal bovine serum (FBs). For cytotoxicity assay, 5% FBS was used, A431 cells were plated (1000/well) in 96 well plates, after 24 h cells were treated with various concentrations of Gef and 24, 48 and 72 h after the treatment cytotoxicity was measured by staining with 0.05% crystal violet. To demonstrate the cell reproductive inhibition of Gef on A431 cells, clonogenic assay was performed. For this assay, A431 cells were placed at a density of 100 cells/well in 24 well plate, after 24 h cells were treated with Gef free drug and Gef-SD. Cells were washed with media 48 h after the treatment and cells were continued to grow for 2 weeks. The individual cells were grown into colonies, which were fixed using glutaraldehyde and stained with 0.05% crystal violet. The groups of cells more than 50 in number were considered as colonies. Colonies were counted under microscope and their sizes were recorded.
Gef-SD Formulation Preparation
By using optimized composition of following ingredients Gef-SD formulations were prepared. Chitosan, HPMC, HPβ-CD, succinic acid, vitamin E TPGS and tween 80 were used to prepare the spray dryable liquid dispersion slurry. The composition of the final formulation was as follows: Gef 500 mg, HPβ-CD 500 mg, HPMC 500 mg, chitosan 500 mg, succinic acid 180 mg, vitamin E TPGS 200 mg and tween 80 130 mg. In 50 ml of Millipore water required amounts of HPβ-CD and Gef were dissolved. Initially, Gef was dissolved in HPβ-CD in one container. In a separate beaker, chitosan (2%) solution was mixed with HPMC suspension. Drug (Gef) containing solution and polymer suspensions were mixed together. Vitamin E TPGS was dissolved in few drops of ethyl alcohol and added to the above formulation and finally tween 80 was added through proper mixing to make it a homogenous suspension. The final optimized formulations were spray dried by using custom designed dual channel spray drying system. In dual channel spray gun, one of the liquid channels was fed with the SD formulation homogenous liquid slurry (prepared as described above) and in another liquid channel of spray gun was fed with 2% chitosan solution; this will coat a mucoadhesive chitosan layer on the microparticles during the dual channel spray drying process. The liquid feed stocks are atomized into droplets via dual channel nozzle (single spray gun). Nozzles with the help of compressed air pressure atomize the feed. Both drug containing liquid and 2% chitosan liquids were feed simultaneously via separate pumps through pulsatile action. Rest of the dual channel spray drying process was carried as per our previous studies (33) . Where outer channel of the gun consist of chitosan polymer solution and inner channel will consist of SD formulation liquid slurry, which will be atomized at steady flow rate and pressure. Heated process gas (nitrogen) is brought into contact with the atomized feed using a gas disperser leading to evaporation of liquid portion of the formulation (fixed temperature 140°C).
Gef-SD Drug Release Study
In vitro release was performed in PBS containing 1% Volpo at pH 6.8. In brief, equal quantity of Gef as free drug, Gef-SD and Gef together with formulation components physical mixture were suspended in 500 ml of dissolution medium. Dissolution study was conducted at 37±0.5°C to see the in vitro drug release profile according to the USP type II paddle method at paddle rotation of 50 rpm. Withdrawn samples at different time intervals were analyzed by HPLC method (34) . The equal volume of buffer was replaced after every withdrawal of samples for analysis.
Characterization of Gef-SD Formulations
By using differential scanning calorimetry (DSC) instrument (TA instrument, DE) thermograms were recorded. DSC analysis was performed in the temperature range of 30 to 300°C, at the temperature rate of 10°C/min and constant nitrogen purge was maintained at 50 ml/min flow rate. Samples were analyzed as per our reported method (33) . With the help of scanning electron microscopy (SEM, Zeiss 1540 XB field emission), the surface characteristics were analyzed. SEM was performed on the carbon support film. The entrapment efficiency of Gef in SD microparticles was studied after extracting the drug in to mobile phase and drug content was analyzed by HPLC method.
Maintenance of Cell Cultures
Caco-2 cells maintained and permeability was performed as per our previous reported method (9) . Permeability study was performed at 37°C for 120 min with 100 μM of Gef free drug solution and SD formulations containing equivalent amount of Gef in the donor compartment at pH5.8 (9) .
Animals
Sprague Dawley (SD) rats (300-330 g body weight) and Nu/ nu male mice (5-6 weeks old) were procured from Harlan, Inc, USA. Rats were used in pharmacokinetic studies and nude mice were used for anticancer studies. Animal studies were performed as per the guidelines of the Institutional Animal Care and Use Committee (IACUC) at Florida A&M University, protocol number 005-12. Animals were maintained and studies performed at standard experimental condition conditions of 37°C temperature and relative humidity of 60%.
Oral Pharmacokinetic study of Gef-SD Overnight fasted animals were used for pharmacokinetics (PK) studies. Oral PK of Gef-SD was studied at the dose of 50 mg/kg. At predetermined time points (0.25, 0.5, 1, 2, 4, 6, 8, 12, 24, and 48 h), blood samples (0.25 ml) were withdrawn from tail vein. Blood samples were collected into heparinized microvet tubes and centrifuged at 10,000 rpm for 10 min separate plasma. Plasma was stored at −80°C until drug analysis performed. Protein precipitation by methanol method was used to extract Gef from plasma and drug content was analyzed by HPLC method. The gradient phase mobile composition was followed to analyze Gef as per reported method elsewhere . The composition of the mobile used was ammonium acetate (20 mM, pH 4.5) acetonitrile. Mobile phase was kept at 45% ammonium acetate and 55% acetonitrile at the time of injection. Five min after the run, the acetonitrile composition was gradually increased to 75% over 6 min. Then, the composition was changed back to ammonium acetateacetonitrile (45:55) within 6 s. Finally, the chromatographic system was equilibrated (17) . The pharmacokinetic parameters such as area under the curve (AUC), C max , t 1/2, t max, and mean residence time (MRT), etc. were analyzed by using non-compartmental techniques with WinNonlin® 5.0 software, USA.
Anticancer Studies in A431 Cells Induced Epidermoid Carcinoma Models
Gef sensitive A431 epidermoid carcinoma subcutaneous xenograft model was used for anticancer evaluations of Gef-SD. A431 cells (1 million in 100 μl of phosphate buffer) were subcutaneously injected into the right flank of the mice. Two weeks after the cancer cell injection, drug treatment was started. Gef, 50 mg/kg free drug and Gef-SD formulations were given daily orally for 4 weeks and tumor sizes were monitored every week. Mice were sacrificed 4 weeks after the treatment, tumor volumes and weights were recorded.
Tumor Size and Volume Analysis
Two weeks after the tumor cells implantation, tumor sizes were measured using vernier caliper. At the time of first dose of drug administration, the tumor volumes were approximately 1000 mm 3 . The greatest longitudinal diameter (length) and the greatest transverse diameter (width) were measured. Tumor volumes were monitored weekly till the termination of the study. At the end of the treatment animals were sacrificed and tumor volumes and weights were measured for assessment of therapeutic efficacy of the formulation. Tumor volumes were calculated by the modified ellipsoidal formula.
Tumor volume ¼ 1=2 length Â width 2 À Á
Evaluation of Anticancer Activity
During the study, nude mice body weight changes and survival rates were recorded. Tumor weights and volumes were determined, at the end of study. Representative tumor samples were stored at -80°C for western blotting and proteomics analysis. Tumors and small intestine segments were fixed in formaldehyde and used for histopathology and immunohistochemical (IHC) analysis.
Western Blot Analysis
Protein samples for western blot analysis were extracted from tumor tissues by using RIPA lysis buffer containing protease inhibitors and 500 mM phenylmethylsulfonyl fluoride (PMSF). Protein concentration was estimated by using BCA protein assay reagent kit. Equal amounts of 50 μg protein from different groups were denatured by heating for 5 min in SDS sample buffer and protein samples were separated by 10% SDS-PAGE. The protein samples separated on SDS-PAGE were transferred to nitrocellulose membranes for immunoblotting. After blocking the membranes with skim milk (5% skim milk in 10 mM Tris-HCl (pH 7.6), 150 mM NaCl, and 0.5% Tween 20) probed with primary antibodies. The primary antibodies such as Bcl-2, Cyclin D1, VEGF, Vimentin and β-actin were used in 1:1000 dilutions. Survivin was used in 1:500 dilution. HRP-conjugated secondary antibodies were used. The detail procedure for western blotting was followed according our published methods (35)
IHC for Cleaved Caspase 3, Ki67 and Vimentin
Slides for IHC studies were processed according to the standardized protocols published in our labs (35) . The expression of cleaved caspase-3, Ki67 and vimentin was studied by this method (18) .
Estimation of VEGF
In both plasma and tumor lysates VEGF levels were estimated by ELISA method. By using RIPA lysis buffer containing protease inhibitors, tumors were homogenized and tissue debris were pelleted and the supernatant was used for VEGF analysis. By BCA protein assay (Pierce, Rockford, IL), concentration of total protein was determined. ELISA assay was performed according to the suppliers recommendations and VEGF levels were expressed as pg/ml plasma or pg/mg tumor lysates protein. In each group minimum of 4 samples were analyzed.
Histopathology
A431 tumors and segment of ileum specimens were fixed in formalin saline then processed for routine histopathological procedures such as dehydration and rehydration steps. Specimens were immersed in liquid paraffin blocks and 5-10 μm sections were cut using microtome. Sections after deparaffinization and further rehydration steps, stained with
Hematoxylin & Eosin (H&E) stain. Stained Sections were observed under bright field microscope to study the histological changes.
PROTEOMIC ANALYSIS OF TUMOR SAMPLES Preparation of Samples for Proteomic Analysis
For proteomics analysis samples were prepared according to the FASP protocols are described in Jacek R Wi niewski et al. Nature methods, 2009 (36) . Small portion of tumor pieces were collected from tumors of all the groups, 6-8 pieces from each tumor were pooled in each group. Tissues were lysed in SDT-lysis buffer using 1:10 sample to buffer ratio at 95°C for 3-5 min. Then the lysates were centrifuged at 16,000×g for 5 min and used for sample processing. Then in a filter unit, the protein extract (30 μl) was mixed with urea lysis buffer A (UA, 200 μl ) and centrifuged at14,000×g for 40 min. The follow through from the filter unit was discarded. Iodoacetamide solution in UA (100 μl) was added and mixed at 600 rpm for 1 min and incubated without mixing for 5 min. After centrifuging the filter units at 14,000×g for 30 min, 100 μl of UB (8 M urea in 0.1 M Tris/HCl pH 8.0) was added and centrifuged twice at 14,000×g for 40 min. Then Lys-C in UB (40 μl) was added and mixed at 600 rpm for 1 min. These filter units were incubated in humidified chambers. After overnight incubation, these units were transferred to new collection tubes, then 120 μl ABC (0.05 M NH4HCO3) with trypsin (enzyme to protein ration 1:100) was added and mix at 600 rpm in thermo-mixer for 1 min. The units were incubated at RT for 4 h. then the filter units were centrifuged at 14, 000×g for 40 min. 50 μl 0.5 M NaCl was added and centrifuged the filter units at 14,000×g for 20 min. Acidified with CF3COOH and desalted the filtrate. Solutions like urea A (UA), urea B (UB), and indole acetic acid (IAA) were prepared freshly and used within a day.
Analysis of Samples by Mass Spectrometry
An externally calibrated (445.120025 ambient lock mass) Thermo LTQ Orbitrap Velos nLC-ESI-LIT-Orbitrap (high-resolution electrospray tandem mass spectrometer) was used with the following parameters: nLC-MS/MS was run in technical triplicate to enable normalization and analysis. A 2 cm, 100 μm i.d. trap column (SC001 Easy Column from Thermo Scientific) was followed by a 10 cm analytical column of 75 μm i.d. (SC200 Easy Column from Thermo Scientific). Both trap column and analytical column had C18-AQ packaging. Separation was carried out using a Proxeon Easy nLC-II (Thermo Scientific) with a continuous, vented column configuration. The LC eluent was directly nanosprayed into an LTQ Orbitrap Velos mass spectrometer (Thermo Scientific).
The LTQ Orbitrap Velos was operated in a data-dependent mode and under direct control of the Xcalibur software (Thermo Scientific) during the separation. Full MS scans were acquired in the Orbitrap mass analyzer over the range m/z 400-2000 with a mass resolution of 60 000 (at m/z 400). The 10 most intense peaks with charge state ≥2 were selected for sequencing. Further, fragmented in the ion trap with a collision energy of 35%, activation q=0.25, activation time of 10 ms, and one microscan. The signal threshold for triggering an MS/MS event was set to 500 counts. Charge state screening was enabled and precursors with unknown charge state or a charge state of 1 were excluded from this study. All measurements were performed at room temperature and three technical replicates of each sample were run to allow for statistical comparisons between samples, which are necessary for label-free quantification. The raw data (.RAW files) were analyzed by Proteome Discoverer (version 1.4, Thermo Scientific). The search workflow used dual search engines (Mascot and Sequest HT). The resultant msf (mass spectral format) files were used as input to further validate the results using Scaffold (version 4.0, Proteome Software, Inc.).
Statistics
All data are presented as the mean±standard error of mean (sem). The significance of difference in treatment groups was determined using one-way ANOVA and Tukey's Multiple Comparison Test using GraphPad prism version 5.0 (San Diego, CA), where value of p<0.05 between the groups was considered as statistically significant difference between these groups. Proteomics statistical analysis was performed in Excel (Microsoft, Redmond, WA) to determine significantly altered proteins. Two parameters determined significance, 1) p-value of <0.05 and 2) the ratio value. For all the ratios in the control sample the standard deviation (SD) was determined and then significance was defined as (+/− 2*SD).
RESULTS

Characterization of Spray Dried Formulation
Thermal properties of Gef-SD formulations were studied by differential scanning calorimetry (DSC) analysis. The characteristic melting endotherm peak of Gef was recorded at∼ 194°C for free drug. In the physical mixture also Gef exhibited corresponding melting peak at the same temperature point, this indicates that there was not complete interaction of Gef with formulation components upon simple co-mixing. For Gef-SD formulations, the corresponding melting peak of Gef was disappeared, which indicates the dispersion of Gef with SD formulation excipients (Fig. 1a) . The DSC analysis indicated that the characteristic melting peak of Gef was not present in SD formulation due to complete molecular level dispersion of Gef in formulation excipients such as HPβ-CD, HPMC etc. Where as in physical mixture this type of molecular dispersion was not possible, that is why Gef characteristic peak is still visible on thermogram but the magnitude is lower than free Gef. The SEM analysis suggested that liquid dispersion of formulation components after spray drying process obtained spherical shaped microparticles with size range of 1-10 μm (Fig. 1b) . SEM analysis also suggested the presence of heterogeneous sizes distribution of microparticles. Further, the zeta size analysis indicated that mean size of the particles were 4.76 μm and the entrapment efficiency of Gef into Gef-SD formulation was found to be 98.37%.
In Vitro Drug Release Study
Drug release study indicated that Gef in SD microparticle form produced significant increase in the Gef release. There was initial 20% burst release followed by sustained release over the period of up to 48 h. The Gef-SD behaved like a zero order release profile. The time limit of 48 h was chosen based on the >95% drug release profile in Gef-SD formulations. After 48 h, , approximately 95% of drug was released (p<0.001) in Gef-SD formulation compared to Gef free drug (only 16% of drug was released even after 48 h). The drug release from the physical co-mixing of all the formulation ingredients used in SD formulation also showed similar release profile like free drug with maximum release of 24% achieved at 48 h ( Fig. 2a and b) . The lower release profile observed in Gef free drug and physical mixture was due to poor solubility of Gef in these forms compared to Gef-SD, in which drug is released at higher amounts by virtue of solid dispersion pattern. In absence of succinic acid, only 74.81% drug release was observed and in absence of HPβ-CD, Gef release was found to be <50%. Based on the individual contributions of excipients to increase drug release, authors selected combination of excipients to prepare final Gef-SD formulation.
Caco-2 Permeability Studies
The trans-epithelial electrical resistance (TEER) values across the tightly packed Caco-2 monolayers were found to be >350 Ω•cm2. Further, the average permeability of lucifer yellow (paracellular control) was found to be<0.15×10 −6 cm/s, both these control experiments conformed the paracellular integrity of Caco-2 cell monolayers. The mean Peff, A-B of Gef free drug across caco-2 cell monolayers was 0.34 ± 0.09 × 10 −6 cm/s, where as in Gef-SD it was found to be 0.69± 0.06×10 −6 cm/s. The TEER values which are indicators of Caco-2 cell monolayer tight junction integrity was not change significantly upon treatment with Gef free drug and Gef-SD. Before application of Gef free drug and Gef-SD, the TEER values were found to be 362.35±42.97 Ω•cm2, after Gef treatment, TEER values were found to be 365.44±36.79 Ω•cm2, the unaltered TEER values confirms the integrity of monolayers during the Gef-SD permeability studies. The in vitro permeability studies indicated the 2-fold increase in the permeability in Gef-SD formulations (Fig. 2c) . Since, Gef is BCS class II drug, the observed increased permeability is mainly due to increased solubility of drug in SD form, whereas in freed drug whose aqueous solubility is less than 1 mg/ml, enough drug was not available in apical compartment to permeate in to basolateral side. Further, use of chitosan and vitamin E TPGS in the formulation may also work as permeation enhancers. 
Cytotoxicity and Clonogenic Studies
Gef exhibited concentration and time dependent cytotoxicity on A431 cancer cells. The IC 50 of Gef on A431 cells after 72 h exposure was found to be 1.86 ± 0.45 μM suggesting that A431 cells are susceptible to Gef treatment ( Fig. 3a and b) . The colony formation (clonogenic) study also demonstrated the significant reduction in the number of colonies and colony sizes in Gef (0.5, 2 μM treated groups). Gef-SD formulation also produced significant inhibition in the colonies ( Fig. 3c  and d) . Figure 1e shows the representative A431 colonies after treatment with Gef. Based on these in vitro anticancer studies with Gef in free drug and SD formulation, A431 cells were selected for the pharmacodynamic studies of the Gef-SD formulations in vivo.
Oral Pharmacokinetics of Gef-SD
In the oral bioavailability studies, Gef-SD at the dose of 50 mg/kg exhibited significant increase in the oral absorption profile compared to Gef free drug (Fig. 4) . The plasma Cmax levels in Gef-SD formulation was 955.28±82.86 ng/ml, whereas in free drug it was 248.43±89.47 ng/ml. The area under the curve (AUC) 0-∞ was significantly increased in Gef-SD formulation compared to Gef free drug. The (AUC) 0-∞ in Gef formulation treated group was 12,285.24 ±1767.38 ng/ml.h and in the Gef free drug group it was 1342.85 ± 244.45 ng/ml.h (Fig. 4) . Similarly, the plasma half-life in Gef-SDF was significantly increased. Gef t 1/2 was found to be 1.25±0.25 h, whereas in Gef-SD, t1/2 was increased to 4.25±0.81 h. Mean residence time (MRT) was also increased from 8.85±1.83 h (Gef) to 16.96±1.12 h in Gef-SD formulations (Table I) . These improved pharmacokinetic parameters suggested the superior oral bioavailability profile of SD Gef formulation.
Anticancer Study in A431 Xenograft Models
In subcutaneous xenograft mice models, Gef-SD formulation at the dose of 50 mg/kg significantly reduced tumor volumes. The tumor volumes started to decrease 1 week after the treatment initiation and by the end of the treatment period (4 weeks) the final tumor volumes were found to be 6663.01 ±1113.23 mm 3 in vehicle treated controls, where as in Gef free drug groups, these values were 3534.49±896.16 mm 3 . The significant decrease (p<0.001) in tumor volume was evidenced in Gef SD formulation treated group when compared to Gef free drug and control groups ( Fig. 5a and b) . Correspondingly, the weights of tumors in Gef-SD group were also significantly reduced (Fig. 5b) . Figure 5c shows the representative tumors isolated from control, Gef and Gef-SD treated animals. That means these increased oral absorption of drug in Gef-SD formulation ultimately translated into increased anticancer effects.
Western Blot Analysis
Western blot analysis also further confirmed the superior anticancer effects of Gef-SD. Immuno blot analysis for Bcl-2 expression suggested that the antiapoptotic marker Bcl-2 was decreased in Gef-SD groups compared to other groups ( Fig. 6a and b) . Quantitative analysis of western blot images suggested that in Gef free drug and Gef-SD groups 2.44 and 7.45-fold, respectively resulted in significant reduction of Bcl-2 expression compared to untreated control tumors. Compared to Gef free drug, in Gef-SD treated tumors, 3.13 fold significant reduction (p<0.05) in the Bcl-2 expression was observed. Significant (p<0.001) down regulation of survivin expression was observed in Gef treated tumors. Compared to untreated control tumors, the relative survivin expression were found to be 4.46 and 7.15 fold decreased in Gef free and Gef-SD formulation treated tumors, respectively. Cyclin D1 expression, which plays role in tumor cell proliferation is over-expressed in A431 tumors cells and its expression was significantly down regulated (p<0.05) in Gef-SD groups. In comparison with untreated tumors, the relative expressions of cyclin D1 was found to be 1.04 and 5.89 fold decreased in Gef free drug and Gef-SD groups, respectively. Upon comparison with Gef free drug treated tumors, in Gef-SD formulation treated groups, 1.60 (survivin) and 5.66 (cyclin D1) fold significant down regulation was observed. The p53 (tumor suppressor) expressions analysis also further confirmed the superior anticancer effects of Gef-SD. The p53 expression was found to be 2.33 and 6.51 fold significantly upregulated (p < 0.001) in Gef free drug and Gef-SD treated tumors, respectively ( Fig. 6a and  d) . A 2.78 fold increased in p53 expression was noticed in Gef-SD treated tumors compared to Gef free drug treated groups. Compared to untreated groups, the relative VEGF expression was found to be 1.29 and 5.09 fold significantly decreased (p < 0.01) in Gef free drug and Gef-SD groups, respectively ( Fig. 6a and e) . The relative expression of vimentin was found to be 1.18 and 2.20 fold down regulated (p<0.05) in Gef free drug and Gef-SD groups, respectively ( Fig. 6a and f) . Upon comparison with Gef free drug groups, in Gef-SD groups, a 3.94 and 1.86 fold significant down regulation of VEGF and vimentin expression was observed, respectively. All the markers (Bcl-2, survivin, cyclin D1, p53, The pharmacokinetic parameters of Gef in Gef free drug and Gef-SD formulations groups upon administration of 50 mg/kg orally VEGF and vimentin) studied by western blot analysis demonstrated the enhanced anticancer effects of Gef-SD compared to Gef free drug treated groups in A431 xenograft models.
Immunohistochemical (IHC) Analysis
The IHC analysis of tumors for cleaved caspase 3, Ki-67 and vimentin expression also further confirmed the significant increase of anticancer effects of Gef-SD formulation in A431 xenograft model. The cleaved caspase 3 positive apoptotic cells/field was demonstrated to be 241.33±32.41 in Gef-D formulation whereas in free drug group it was 145.33±28.44 and in untreated control groups it was 34.00±6.26. Gef-SD formulation treatment resulted in 7.09-fold and 1.66-fold significant increase in the cleaved caspase 3 expression compared to untreated control and Gef free drug groups, respectively (Figs. 7 and 8a) . Similarly, the cell proliferation marker Ki67 expression also evidenced the increased anticancer effects of Gef-SD. The significant reduction in Ki67 expression (p<0.001) was found in Gef-SD groups compared to other groups. Compared to untreated control tumors, in Gef-SD formulations 4.01-fold decreased expression of Ki67 was observed. Further, the expression of Ki67 was found to be 2.51-fold decreased in Gef-SD treated tumors compared to Gef free drug groups (Figs. 7 and 8) . Further, to validate our proteomics data, from the group of 30 significantly altered protein expression patterns, the authors have chosen vimentin to study their expression by IHC analysis. The significant decrease in the EMT mediated metastatic marker vimentin expression (p<0.001) was observed in Gef-SD treated tumors compared to free drug and untreated tumors (Fig. 7) . Gef-SD formulation produced 3.09 and 1.85-fold reduced expression of vimentin, respectively compared to control and Gef free drug groups (Figs. 7 and 8c ). Therefore, it was evidenced that Gef treatment also works as antimetastatic therapy. This IHC vimentin data further validate/support our reported proteomics data (Table II) .
VEGF Analysis
The VEGF concentrations measured by ELISA kits indicated that in control animal serum and in tumor homogenates VEGF levels were higher. In serum and tumor lysates these levels were found to be 572.90±38.51 pg/ml and 355.35± 49.93 pg/mg of protein respectively. In serum samples the VEGF levels were significantly decreased after treatment with free drug and SD formulation, these levels were found to be 336.40±55.84 and 170.55±40.40 pg/ml serum, respectively. In tumor lysates also VEGF levels were significantly decreased in Gef free drug and formulation treated tumors. These levels were reported as 175.65±25.76 and 69.53±18.55 pg/mg protein (p<0.001), respectively in Gef free drug and Gef-SD treated groups (Fig. 9a) .
Proteomic Analysis
The mass spectroscopic proteomics analysis of our samples suggested that many number of proteins involved in skin cancer pathology were significantly altered in Gef-SD formulation treated tumors compared to untreated and free Gef treated animal tumors. This study identified numerous protein groups, from 151 differentially expressed proteins observed in proteomics study, the authors have chosen 30 most relevant proteins involved in A431 skin cancer, which includes heat shock proteins, tumor suppressors, protein specific binding proteins, angiogenic proteins, metastatic proteins, tumor extracellular matrix related proteins, EMT proteins, metabolic proteins, cancer biomarkers etc. (Fig. 10) . When compared to control, the authors have chosen average of 1.5 fold change as the selection criteria to consider that particular protein is significantly altered (p<0.05). Upon treatment with Gef free drug and Gef-SD, out of selected 30 proteins, 24 were significantly down regulated and 6 proteins were upregulated, and have been listed in Table II . Comparative proteomic analysis indicated the down regulation of several proteins which were found to have crucial role in the tumor initiation and progression. The down regulation of nucleolin (P<0.05) by Gef-SD indicates the proapoptotic potential of Gef to produce anticancer effects. Many of the proteins may have a role in tumor initiation, development, progression, adhesion, invasion and metastases like Annexin A1 (P <0.05), Poly [ADP-ribose] polymerase 1 (P<0.05), Transforming growth factor-beta-induced protein ig-h3 (BIGH3) (P<0.05), were found to be significantly down regulated in Gef-SD treated animals.
Gef in free and Gef-SD formulation forms exhibited significant down regulation of oncoprotein, Filamin-A (P<0.05), Protein disulfide-isomerase A3 (P<0.05), 60 kDa heat shock protein (P<0.05), Prelamin-A/C (P<0.05), and Thioredoxin (P<0.001) suggesting the promising anticancer effect of our formulation. The proteomic analysis further confirmed the significant down regulation of EMT mediated metastatic marker vimentin (P<0.05) expression in Gef and Gef-SD. The proliferating cell nuclear antigen (PCNA) (P<0.05) over expression is a hall mark of many cancers; its expression was significantly down regulated in Gef treated groups. Our studies also demonstrated the significant down regulation of collagen alpha-1 (P<0.01), Cluster of growth arrest-specific protein 6 (Gas6) (P<0.001) and Plectin (P<0.01) in Gef treated groups.
Plexin-B1 (P<0.001) expression was significantly down regulated in Gef-SD treated tumors. Periostin plays role in tumor angiogenesis, partly through activation of VEGF receptors and this protein is significantly (P<0.05) decreased in Gef free drug and Gef-SD formulation treated groups. In our tumor model, marked increase in the VEGF (P<0.001) levels were found in both serum and tumor lysates, suggesting the role of angiogenesis in the aggressive growth behavior of A431 induced tumor model. In Gef-SD formulation treated groups, in plasma and tumor lysates, significant decrease in the VEGF levels were observed (P<0.001).
PPAR-γ coactivator 1-α is reported to be down regulated in several cancer types and this protein levels were significantly increased in Gef treated groups. Peroxisome proliferatoractivated receptor gamma (PPARγ) coactivator-1 alpha (PGC-1α) significantly (P<0.05) increased in Gef-SD treatment. Desmoplakin (P<0.05), involucrin (P<0.05), Serine protease inhibitor A3K (P<0.05) expression were found to be significantly up regulated in Gef-SD treated animals. The cell adhesion proteins like periplakin (P<0.05) and envoplakin (P<0.05) expressions were also significantly increased in Gef-SD treated animals (Table II) .
Chronic Toxicity of Gef-SD
The long-term administration of Gef as free drug or Gef-SD formulation did not produce any sign of toxicity, no change in the body weights were observed among all the groups (Fig. 9b) . The Histopathological analysis of (H&E staining) of GIT suggested no abnormalities in histology. Chronic 4 weeks of daily administration of these Gef-SD formulations did not exhibit any sign of toxicity on intestinal tract. These safety studies affirm the safety of our SD formulation (Fig. 9c) .
DISCUSSION
Oral administration of anticancer drugs presents a series of advantages for patients. However, most of the drugs are hydrophobic (poor water solubility) and are associated with low bioavailability. The bioavailability of Gef could be greatly increased by improving its solubility and dissolution. This is the first attempt to prepare a Gef-SD formulation in an effort to enhance its pharmacokinetic characteristics in rats and pharmacodynamic properties in A431 xenograft model. This approach would allow a reduction in dose and oral dose-related side effects, such as diarrhea and vomiting (18) . Controlled released matrix system with polymers (HPMC, chitosan), surfactants (vitamin E PTGS) and solubility enhancers (succinic acid, HPβ-CD) has been used to improve the oral absorption of Gef. Spray drying was used to prepare these formulations and the authors used a customized spray gun which allows simultaneous/pulsatile flow of two different liquid systems through single nozzle. This modification allowed us to formulate controlled released matrix by using drug solution with excipients as one liquid system and chitosan solution as second liquid system to form a mucoadhesive coat on spray dried microparticles.. We observed that succinic acid incorporation in the formulation imparted better solubility for Gef. As Gef exhibits pH dependant solubility, whose solubility is increased in acidic conditions, succinic acid due to its acidic nature increased the solubility of Gef. Another explanation for increased solubility of Gef in presence of succinic acid is possible co-crystallization process. Further, inclusion of HPβ-CD resulted in further improvement in the solubility of Gef. This is expected because HPβ-CD has been routinely used for the solubilization of various water insoluble drugs (18, (36) (37) (38) . Other studies also demonstrated the increased dissolution of Gef upon inclusion complex made with cyclodextrins (18) . Further, incorporation of HPMC in the SD formulation imparts the control releasing behavior and has also role in increasing the dissolution of Gef (18) . The SEM analysis suggested that upon spray drying, microparticles attained spherical shapes of varying sizes. Due to spray drying process at 140°C, fraction of these microparticles loss smooth surface and attained varying shapes..
In vitro drug release studies showed that Gef in SD microparticles form produced significant enhancement in the dissolution profile. Vitamin E TPGS, Tween 80 and succinic acid improve the stability and solubility of Gef and use of beta cyclodextrin partially increased the solubility of Gef. The sustained release in SD formulation might be due to slow release of drug from microparticle composed of HPMC and chitosan. Though we had seen initial 20% burst release of Gef in SD form, it is not because of un-entrapped drug on the microparticle surface. Because the entrapment efficiency was found to be approximately 98%, and total drug is in solid dispersion form, the dispersed drug loses its characteristic melting peak. Further, varied chitosan coating may also contribute to this type of behavior (chitosan coating delays the drug release) and even varied particle sizes may also result in altered release profile. Since poor solubility is the primary cause for the low absorption of Gef, the dramatic improvement in drug release and dissolution profile demonstrated the increased in apical to basolateral transport of Gef in Gef-SD.
The PK analysis of Gef SD formulation demonstrated superior oral absorption profile than free Gef treated groups. The sustained effect of Gef SD formulations can be attributed to HPMC and Chitosan. HPMC imparts this effect by controlling the drug release from the SD microparticles, whereas chitosan by virtue of its mucoadhesive property increases the residence time of the microparticles (39) . These improved pharmacokinetic parameters indicate the increased oral bioavailability of SD Gef formulation. As universally believed, spray dried solid dispersions increase the aqueous solubility of poorly soluble drugs, The increased solubility resulted in significant increase in the oral pharmacokinetic (PK) properties. It is obvious that once the oral bioavailability is increased that will translate into superior therapeutic properties. It is also possible of change of form of drug in spray dried form to an amorphous state which leads to increase in solubility thus resulting in increased PK/PD. There may be possibility of change in the microparticle size distribution contributing to the PK/PD profile, however in solid dispersion, maximum PK/PD is achieved due to solid dispersion mediated increased solubility not because of the change in particle distribution.
In a variety of tumors, EGFR is highly expressed (1) and is therefore a promising target for cancer therapy (6, 40, 41) . The A431cell line is an epidermoid carcinoma that is known to have increased expression of the EGFR and this cell line is commonly used for assessing the anti-EGFR activities (42) . Our in vitro cytotoxicity and clonogenic data suggest that A431 cells are sensitive to Gef. This is in agreement with previous studies, which have illustrated the anticancer 
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Details of the proteins up-regulated or down regulated following treatment with Gefitinib free drug or Gef-SD. The change in the expression was represented as fold change compared to control groups. *p<0.05, **p<0.01 and ***p<0.001 Vs respective control groups or respective Gefitinib free drug treated groups activities of Gef in A431 cells (43) . Our pharmacokinetic studies suggested that the maximum concentration of Gef achieved with Gef free drug (50 mg/kg) was 248.43 ± 89.47 ng/ml (approximately 0.55 μM) which is also less than the in vitro effective anticancer concentrations, suggesting the need of higher in vivo concentrations in order to produce the anticancer effects in A431 tumor models. Further, in Gef-SD formulations, the maximum plasma concentration was found to be 955.28±82.86 ng/ml (approximately 2.13 μM). This improved plasma concentrations of Gef however does not indicate that optimum anticancer effects would be attained because the biodistribution of the drug into the tumor also plays crucial role in exerting the anticancer actions. Therefore, it is necessary to study the pharmacodynamic effects of Gef-SD formulations. Significant anticancer effects were noticed in Gef-SD formulation groups as early as 1 week and western blot analysis of Bcl-2, survivin, p53, VEGF and vimentin corroborated the better anticancer effects of Gef-SD. Abundant expression of cell survival marker survivin was seen in untreated control tumors, suggesting the inherent aggressive growth behavior of the A431 tumor types, further, Gef free drug treatment decreased the survivin levels. The Gef-SD formulation brought about the superior anticancer effects by decreasing the survivin expression and increase in cleaved caspase 3 expressions.
The mass spectroscopic proteomics analysis of our samples suggested that number of proteins which are involved in the A431 cancer pathology were significantly altered in Gef-SD groups. The down regulation of nucleolin by Gef-SD indicates the proapoptotic potential of Gef to produce anticancer effects (44) . Annexin A1 may play multifaceted role in cancer development, progression, and metastases and its expression was found to be down regulated in Gef-SD treated animals, indicating the superior anticancer potential of Gef-SD (45) . Over expression of Poly [ADP-ribose] polymerase 1 was found to be significantly down regulated in Gef-SD groups (46) . BIGH3 promotes adhesion and invasion potential of cancer cells (47) and its expression was also significantly down regulated in Gef-SD treated animals.
Peptidyl-prolyl cis-trans isomerase (Pin1) is over expressed in many cancer types. Both Gef free drug and Gef-SD formulations resulted in significant down regulation of this oncoprotein (48) . The metastatic protein filamin-A was significantly down regulated in Gef treated groups suggesting the antimetastatic effects of this drug (49) .
The protein disulfide-isomerase A3 which play role in tumor cell invasive is over expressed in A431 tumors was significantly down regulated in Gef-SD treated groups (50) . Down regulation of antimetastatic and anti-invasive protein cofilin-1 was observed in Gef treated groups (51) . The 60 kDa heat shock protein which was over expressed in various cancer types was significantly down regulated in Gef treated groups (52) . Prelamin-A/C has role in invasiveness and potentially a more stem cell-like phenotype of cancer cells and its levels were decreased in Gef groups (53) .
Thioredoxin is a small redox-regulating protein, is highly expressed in many cancers, the significant down regulation of this protein in Gef-SD formulation treated groups (54) . The proteomic analysis further conformed the significant down regulation of EMT mediated metastatic marker vimentin expression in Gef and Gef-SD (55) .
The proliferating cell nuclear antigen (PCNA) over expression is a hall mark of many cancers; its expression was significantly reduced in Gef treated groups (56) . Increased expression of collagen alpha-1 may play role in increased extracellular matrix mediated tumor fibrosis and metastasis (57) . Gas6 acts as an ligand to the Axl/Tyro3 family of tyrosine kinase receptors and exerts mitogenic activity and are overexpressed in cancer (58) . The overexpressed Gas6 protein was significantly decreased in Gef-SD groups suggesting the superior anticancer effects of formulation. Plectin has role in tumor invasion and migration of cancer cells and its expression was demonstrated to be decreased in Gef treated tumors (59) .
Plexin-B1 (P<0.001) expression pattern was significantly down regulated in Gef-SD treated groups. Periostin plays role in tumor angiogenesis, is significantly (P<0.05) down regulated in Gef-SD formulation treated tumors (60) . In the Gef-SD treated groups, both the plasma and tumor lysates, showed a significant decrease in the VEGF levels suggesting the anticancer effects observed with Gef-SD formulations might partly be mediated through VEGF inhibition and anti-angiogenesis. Our observations are in agreement with previous reported observations (61) who also reported the anticancer effect of Gef by inhibiting VEGF levels and its receptors. The authors observed that VEGF levels estimated by ELISA in serum and tumor lysates to be reproducible in proteomics analysis of tumor lysates, confirming the role of VEGF inhibition in bringing about the increased anticancer effect of Gef-SD. Further the authors hypothesize that the increased expression of 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2, Pyruvate kinase M1/M2 and L-lactate dehydrogenase A-like 6A play an important role in altered metabolic profile of cancer cells (62) (63) (64) , as we observed these levels to be significantly down regulated in Gef-SD treated animals (Table II) .
PGC-1α induces apoptosis in several cancer cells, and its expression was found to be decreased in several cancers (65, 66) , In our study also significant increase in PGC-1α levels were observed with Gef-SD treatment. We also observed increased desmoplakin expression in Gef-SD, which acts as a tumor suppressor by inhibition of the Wnt/β-catenin signaling pathway (67) .
Epidermal differentiation marker involucrin is reported to be down regulated in squamous cell carcinoma cells (68) , further treatment with Gef demonstrated significant increase in the expression of involucrin. We also observed that the serine protease inhibitor A3K which has antiangiogenic effect through inhibition of VEGF production, to be increased in our Gef-SD treatment group (69) .
We observed a high expression of vimentin indicating the aggressive behavior of A431 epidermoid tumors (70) . Therefore, due to high metastatic ability of subcutaneously injected A431 tumor xenografts to other vital organs, the survival might have decreased in untreated control tumors. Where as in Gef-SD treated animals, significant increase in the animal survival was observed, which can be correlated to the decreased metastasis by reducing the vimentin expression as revealed by western blot, IHC and proteomic analysis. All the three techniques augmented that the vimentin expression was significantly decreased in Gef-SD treated tumors compared to other groups.
The safety of the Gef-SD formulation upon chronic administration was studied by body weight changes and H&E staining on small intestine and both these parameters indicated no signs of toxicity. Further, chronic oral administration of SD formulations did not induce any observable gastric damage indicating their safety. Therefore, Gef-SD formulations developed in this study could be promising suitable oral 
CONCLUSION
Our studies clearly demonstrated that Gefitinib can be successfully incorporated into control release microparticles based oral formulations with significant 9.14-fold increase in the bioavailability. In A431 xenograft tumor model, Gef-SD treatment produced significant increase in the anticancer activity. The molecular studies by western blotting, IHC and proteomics analysis also further confirmed the superior anticancer effects of Gefitinib formulation. Based on superior pharmacokinetic and pharmacodynamic profiles of Gefitinib spray dried formulations, we propose that this spray drying technology can become as a potential drug delivery system for poorly water soluble anticancer drugs to treat different cancer types by oral route. The results emanating from these studies demonstrate the potential application of our dual channel spray drying system to improve the therapeutic application of Gefitinib.
